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viM of tfae Tnvention. 



""^^^ „«o.rcla.es.»««fidasof»olec«larbiology,and 
The present invention relates xo ulc Axw. , 

tt„ protein. and»*e«se of ».choompo»ndsmthe«auneat or 
tatferauty. or as a n>eans of conttaceptioa or antoal control. 

Sper^andovar^proc^yj-^--^^ (1994, i„ 7,.P W 
„/«^p«duc<i»», eds. Knobfl & Nedl (to 

priffledforfetflm^onoftheovatbr ^ „^ „^uular matrix 

arrive atto^^r^rf^o-^-^S""-^"* 
^^inslacludioSthe^^apeUucldaprou^^S^^^ 

^-r^TTr^o*^::^^----^^^' 

„,Ca-e,^e.a«^.^e^-«Ot^ 

Moi Biol Cell 11, 1571-84). I ne ii^r y ,T,™onickel et al. (2001). Nat 

sperm (Bedford (1998). Biol Reprod 59. 1275-87). FoHow g 
^e„a.«.spen„mem.raneft.seswi.«-of ov^ B^-^^^^ 
^^ooof«««iHza.lonpr.«ess,,.S;mu«gw.^^C^^^^ 

-t«t r-MlOl^ Nature Cell Biology 3,B59-BM, lanag 
(Wassarn«n.etal.(2001) Nonire ^^^^^^ ^^^^^^^^^^ 

27ie Pfry^iotogy of Reproduction, eds. Knobil & JNem v 



189-315). 
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WOM04/0150W «„„frasb (1990) in Co««r<.b<!f 

Sperm MotilUy: Udogica and dinicol aspec^. - ^ ^ ^^^^ 

n Q99^ P/iys/oi Rev 79, 4»ioiu,»jr 

(Cav)n>BNAsaadC0Ucn»cleoUde-ga»d(«O) ^^^^^^^^^^.^lo; 

Pr«:. Nad. Acad Sd- (USA) »«»>-l^^' ' , „ g. Prov. Appln. S«. No. 

60«27,167,flledOc«>l>er 4.2001 as. PP ^^^^^ 

O«obet22.2001.andPCrM.Appln.No.PCr/OS0 

Uola«dn»ctec 1 „sEQlDNO: 3. or a sequence 

eo^p— ^^^^^ 

sequences encodmg a CatSper* pro t^raSoert protein, at least a pore 

protein, at least an c«r,ceUu.ar loop of 
„,><..aCa.S^.ptotei.at^an^-^ 

p^c«d antigenicity, or a sequence con^lemen.^ ^ 
..^.^....benucleic acids includeaseqoenceoE^ ^^^^^^^^ 

SBOn>KO:3;.se,uen.enco^.;PO^^-^^^^ 
108-137, 155-202, 209-233 and 242-272 of bty 
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■A.. 48 73 81-111, 113-134. 156-204. 208-233 and245- 
polypeptidecompnsmgresKiues 48-73, 81 ^^^rising residues 76-85. 

273 of SEQIDNO: 4; a sequence encoding a polypeptide compnsmg 
r38-t54^d234-242ofSEQlDNO:2;asequenceencodingapol3^^^^^ 
138 154 and ^35.155 234-244 of SEQ ID NO 4; a sequence 

comprising residues 74-80. 135 155 3^ g^Q ID NO: 2; a sequence 

encodingapolypeptidecoxnprisingresidues222-231ofSEQ jgEQ 

encc.lii:apolypeptidecon.risingresiduesappro..^^^^^^ 
IDNO-4;asequence encodingapolypeptidecon^pnsmgahxgh predicted g 

! SEO IDNO- 2- asequence encoding a polypeptide compnsing a high 
epitopeofSEQIDN0.2aeq ^^^^ 

predicted antigenicity epitope of SEQ ID NU. ^. an 

polypeptide havmg activity in a cell capable of expressmg 

a CatSper4 protein and having CatSper4 acuviiy , . . . . 

CatsJr4 activity, m some embodiments, the isolated nucleic acids include a 
CatSper4 activity, in ^ 95% nucleotide sequence 

regulatory element having at least 80%, 85%. 90% 

* 1 1 nn MO 300 or 400 consecutive nucleotides trom acvi ^ 
identitytoatleastl00.200.300or . ^ -^^^_,,q^ence operably joined 
and that is capable of promoting transcnpUon of a codmg seq ^ 
thereto inamammalian cell in whichaCatSper4 gene canbeexpres^d^ 

Iaanotheraspect.tiieinventionprovidesisolatednucleicacids^athybndize 

toanomeraspcc. . , . «,po ID NO- 1 or SEQ ID NO: 3 under 

.atleastaportionofanucleicacido SEQ^^^^^^ , J 3tep of 0.5 x SSC a 
conditions including a wash step of 1.0 x SSC a, 65 
washstepof0.2xSSC,orawashstepof0.1xSSC. Insoine 

/ 1- •^c.ncv^ a oolypeptide having CatSper4 activity, 
isolated nucleic acids encode a poiypep e ,,^„risine a nucleotide 

m anotiier aspect, the invention provides nucleic acid compnsmg a n 

leastaportionofanucleicacidofSEQIDNO. 10 ^ awashstepof 

u . „f inY<5SC at 65''C. awashstepof 0.5 xSSC. awasn ^>l F 
including a wash step of 1.0 xSSC at o:, to a heterologous 

* ^ n 1 SSe and that is operably jomed to a newtui^s 
n 9 <{SC or a wash step of 0.1 x aa*-. <uiu u«m. ^ ^. * 
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m„.cidse,u=nocofSEQrom2or4;andiso,e«b.,Jo».d«,a 

]ta»nott«aspect,ttomvenaonprov,desatatfordettc<mg«i 

a Cfip«4 »«cleio acid. The ki« can include any of foregoing elated n«ole>c 
LSlve„aon.»da™»ansfo.de«c«ns««i».a^ouc.eic.oi.^^^^ 

:L^«.«.n^focde^««»'»'-^»*'-'*7'-^,7^'^ 
W^Wd*e««.and,inson.embodin.n.s.*emean.mcludesalabeled 

^n„o.eieacidwMch.«cificany>.,Waizes«,a.fl«.isola.dn»^oac.d. 
Ia„«h«aspo«,«.invention^vide.veo«>.includ»ganyo,me 

fcre^ing isola^d nucteic acids of d» invendon. In son. en*odin.n.. d.e vector 

™rgenedccons»c.c.pa...ofe^g««"»cieicaci^of.e„^^^^^^^ 

Lon,eembodi»en«,*en«oleic»=idsot*einven«on.reo^rab,y,on.edu,an 

«Zousregu.a.or,»gionand,inson»end»din>e...«»n.cie.»^ 
^lyioinlo>^.ogonscodingse.^enc.s»ft»r..^onve«or^son» 

ILdiIln.s tevec.orincludesaCa.Spe.4reguWory«gionand.msome 
:i::2.eCa.peMre„regionisopera..yio.»<.«,a.^.oso„s 

"^r:2aspec.,d.invenUonpro.descens™nsforn^»i*-'»^^ 
nucleic acids of .he inventton. or a genetic consm^cpabteof e^pressmg anude. 
^"Lin,endon.lnso,neen*odin«n«.ti>enncl«cacidofthemv«>oon« 

::^r^::»he.e..ogonscodingse^ences»encode.«^on^. ^son. 
rlIi«s.d««nsare.ac»rialceUs,yeas.cens.inse..Us.^-K 

,^ianceUs.roden.cens.orhun^celU. ^"^•^l^ 
2^ somadc cens. fetal ceUs. emhryonic stem cells, zygotes, gametes, germ 

line cells and transgenic animal cells. 

:n another aspec invention provides non-huntan transgenic an^n*^^^ 

,heseaspec.s.agene.iccons.n.cthasin..o^a.»diflcaaonh>toag»o»^^^^ 
1^ or anances^of the antaua.and.h. modification inclnd^ — o a 

Z:^acidenccd.gatlea.a«.ofaCatSper4p.o.e^~--^^ 
endogenous CatSpe,4 gene, or insertion by homologous '^"'^^^^^ 
geneo^ah,yioh«.toCatSpe.4regul«oryelement. ^^^^T 
n>odifica.ionish^»of»K=l.icadde^aCa.Sper4p«^^-^^^^^^ 
,ransmembranedomaino(aCatSper4pro.ein.at,cs.».ex»ceM.rloopofa 
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• „ » r atSoer4 protein, or at least an epitope of 
CatSper4 protein, at least a pore region of a CatSper4 pr . , . ^^e 

aCaTperlproteinhavinglughpredictedantigenicity. In some embodnnents. the 

3nirats.n.ce.l.an.ters.^^^ 

non-human primates- . 

— » provides subsumtiany p«re pro«m 

CatSp«4protei«-.atle.s.ap».reg.o,>ofaCa^^. ^^^^ ^^^^ 
ofaCatSpei4prott»nhavinghighptedictedaDl.g»«ty.topartic«la^ 
ofat-atspe p ^„ ™o ID NO: 2; SEQ ID NO: 4; residues 46-75, 86- 

:^rr-"^ra4:..o,sBoiD.o:.res.a„es4s.^^^^^ 
::r:«x-BoiDNo:...da^p«a.c^-.-- 

p^ri.«.«din^.ypepad.^-inga..eastS0*.S5*,90%«95*^^^ 

::.e^.d^.wi*aca.p.4p...,^^^^^^^ 
CatSper4 protein; at least an extracellular loop of a CatSper4 pro . 

™™tationinch»Jesapolypeptidetovingatleast8()%.85%.90%,0 

preparauonmiju r ji,.^-„catSoei4activitymacell 
sequence identity with a Cafipet4 protem a»d havmg Catspei4 

cMableofexpressingCatSper4activity. 

Inano.heraspeot,theinventionprovidesas„bs.a„..anypureannb<^ 

^p.aUon...udi..anan»Wy«isedas^.C.^^'^^--^^^ 
en,bodi.ents,.beepi»peb,sM^pre.^^^^^^ 

ofSEQIDMU. z,dQu 5 f ,„„«Wv In some embodiments, 

someembodiments,t.eantibodyisamonoclon.— 

antibody is an Fab fragment, an F(abO. fragment, an Fv fragmen 

fragment (scFv). ^ ^ epitope 

In another aspect, the invention provides a Kit ro ,„^,„rion 

, ^ +: rat<iner4 antibody of ttie mvention 
of a CatSper4 protein. The kits include an anU-CatSper4 anu 
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n^^ofC^'^^-^^ ^^^^^^^^ 

taciease or decrease m the mdKatorrei ^_4^,ityif theinaieaseor 

aeoreaseissisniflcant '^^^..e^l of Ca.Sper4 

„£ r^A encoding *e CatSper* prc^u. 

J? 4^;.^^ finv across a membrane oi s<uu v^^^x, 
j^»indica»rofcaUon£l«a«^ l.«,^emboata»n«,U«cell has been 

^holeceuorchanr^lcurrenuofsardcen^ln^^^ ^ 

^<™edwi*agene.ccons».c.capah^f«^^^^___^„, 
^ embodiment, fte ceU is a manue spenn cdl »ri th 

spenn motiUty. _„h<ids of identifying a potenlial 

,.^d«r.spe«.d.einvenUo„p^«^^"^ 

least a structural domain of a CatSper4 pr candidate 

compound as a potenuai m ^.,t«iner4 protein; at least a 

^ son» en*odin>en«, *e Ca.Sper4 mo^y .s „( , 

^,«n*ra»d«n*.ofaa.Sper4pro.n.;.leas.an^^>l 

Ca.per4pro«in..or«.a«.pore„gio.o.aca.^^^^ 

,„ano««aspec.ti«inven»o.p«>«^-«*^ ^^^^ 

an»le subjeCby of causing reversible 

^aviry. .nanoU>eraspec.«»inventionp.ov,d.^^o^^ J^^^ 

i,rferM.yina»ales«bjec.byadn-n.s.«u.g^a««^^^^^ 

^CatSper4ac«vi.y. .tivity is adn.nis.red 

ec„^doninwMchacon.pon.d«tad>^CJ^ 

.amaieorfemalesubiec. ^-"""^^^^^.h.bric^-.a 
^i.,ni.«ecaon.a»nsdem,aipa.h.a,»o^^ 

„„,isWizer.afbam.ajeUy.orasponge. Hthesab,«= 
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----- 

„ fe^. an KabO. frag-.. - ^ ^-^^^ '^^^^ s^jcc^ a„ 
^a^niust^on to a male o. female, ttas, me 

p„pa«UcB. including compound^^bichdec^a^Ca.^^^^ 
nullcaads which are anase„-.oa..eastapo«™ofaCa«per4 gen 

,^«,toaCatSper4pK>Kin. _ _^^rf,Bagn<»ingaCafipeP^ 

to anote aspect, the inventtonpiovdes method ot f° 

^di^^a^inamamn.*.-— 

:ir::^:r«o.mn.o...«^ 

,^..theme«>odinc.ndescon^.mga^^^^^ 
p^to^^ananOhod^-^^W^a-^^^^ 

taowntobepresentotabsenlanddetectuigbm g ™„uring an todicatoi 

C3.sp«4p«>-. 

oecatspe^acavltylna^a;^-^— ^^^^^ 
.eve. mlndioau^canbe-m^^^^ ^^^^^^^^ 
pn,tein.anindic«orof.heleve..fC^P»*^^ 

amemhmneofsaidceU.o.anmd.oa«»^«^^ ^ another aspeC 

tosomeemhcdiment3..hed«o^«C«Sp«^^ 

tt»inventionprovidesme.hodsofgeno.yp»«»''«f«""'^' ^ 

^pennha^gdecreasedCa.Spe^-u-'y^ 
pe„ett^azonapellucida,mwhtcha.onapenu« 

Ln;.ndtheovnmisc<,ntaCed«a.a.leas.oneofspenn. 



PCTAJS2003/024359 

WO 2004/015066 

tv,n^ of treatinsasubject Characterized by infertility due 
In another aspect, a method of treating a suuj 

. . -A.^ The method includes transfoiming sperm 
todecreasedCatSper4activityis provided. Themethodm 
or spermprogenitorsofthe subject withagenetic construct capable of expressmga 

. "::^:iy.themethodincludes^^^ 
snerm progenitors of the subject 

^,„U«aspec.fl»to,enflcnprovid.s»e*oa3 0fdiag«os»gaaa.^ 

Catbper^ ^ ^ t« «„nther asnect methods of treating an anU- 

female urogenital tractisprovided ^^^^""^"^ 
CatSper4 antibody-mediated infertility caused by anU-CatSper4 anUbo 
fpmale urogenital tract are provided. 

agents which antagom«Ca.Sp«4 activity, . ^_^„eggpmetrancc; 

(rtconductmgtherapeutkptoffltagotanagentidentmcdasanmiu 
III,a«dLci.yinoncorn»ea„imal«»deU;aM(d)f»— . 

the phaimaceutical jrepaiaflon. 

UBTOF DESCRIPIIPM "P THP P"^ 

. ■ ™ni„«ative of embodiments of the inwnnon and 
The following drawings are illostranve oi i-m 
arenotmeanttoBinitthescopeofthemvenaon. , , .^„„ 

Hgu.clshows.^ptiniarys»c.ureo,nio^Ca,Sp«4po«.«.«A^^ 
aeldse^ce; the 6 putative traosn^n^ranedoni-i. are nnd^hned and the p«e 

'^°";:::showstheprin^struc.nreofhnni.CatSper4p»»i. ^ 
aeidse^^ .he6^ve,r.nsn.en.ranedoniainsa..nider,inedandthepo.« 

"^""C'^^3cl.dogtan.of.he(a)nn.rii»and(h)hnn«nCa.S^^^^ 



8 



PCTAJS2003/024359 



WO 2004/015066 



T^ZZ^ unon the identificafion. isolation and 

^offl^CSpcfa^lyof ^^,,^.fii.aM>y3.2001-,U.S. • 

Pro,. Appln. S«. No. „ ^ ^ (2001), P^c- N<«1 '^"^ 

.U.S.,»SC22):12527-3.US.P^v^^---^^^ 

2001), a»lCa«p«3 (oo.I«rimgU.S. P«.v. ^ ^^.^ ^j^^j ta. 

cells, particularly 

most vigo^us SE«m tti l**"*^ have b«a shown «. 

beinfertile. Like CatSperl ana m domains and a pore region, its 

AgpoUtsMKi antagonists of the acovuy ^^^fe^e 

^ n«;ed to treat infertiuty or ^ moi 
sperm motiUty and. therefore, can be used to 

invention was made, ineenuioui 
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Appta.No.PCr/US0M3487.fltedMay3,20(B,a«>m rp 



reference. 



which is the invention, the foUowing ae 

a^usedinthespecification , ^,3,, a sp^^^^ 

As used herein, the term CatSper4 prote ^.^^^^ 
, o«rat<iner4T)rotein disclosed in SEQ 11^ A^'-'- ' 

C«Sp«4 se^ueaccs ^ ^ ' "^4 pro«ins. such as s.™e»al 
domain? and epitopes. 

aUelicvariantsofthodKclosedCatSpertl** CatSper4 
Ca.Sper4 and f»»c«on- ^/^^ ^o»ic DNA. and 

recombinantly produced genes m wmc f ^^^^^ 

U«»c«.a.d«ithor Without 5' orS'-mse^--'-"'' 
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pot^"- ■ •. ™,„.aiivnonnal biological «cttvity of a 

Musedh^em-CatSper*- acuv^ymeans^ o ^^^^^^^ 

,.ee.Ca"i»n.— ^-^^,^„,..^^i«Ca.pe.- 

':rlsri.a„.aec«.a.a.c«s^^^ 

A.„^l«einwi*«^'°'»''«=.'^2 ^^^Wuponan 
„^a..a — o*««^f-^ll^,.^o.onof«» 

^„na».cal»cleo.^°-^«;»-^^^. ,,^e^of 
^d»a.andteP«».ceandlenga>o£ga^^^^^ 

.^<,.^a„dcon^P-i-^--^^^„PSI.BL^(Al«b»let 

' ,„."meansaprotanwUchise«>lulioiiarily- 
i^Ca.Sp«4p»«i--bo.»ologsofeacho*«> 

^„ence.w,.*«».o.«P«^-c-^--^^^:,,^,^^a 
^..„ce,.la.ve»so«««^-.--^^^,^^,popu^^ 

term mutation is intended to be synonym 
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;Hpntical sequences can be regarded as 

genome. For example, a geneu sequences are 

,.^,e«rologom«,e«hott«rf*J^ ^^^^ 

^ ghetto sequences no. «^ ^eq^ce. «m be 

^^genedcsequencebasednpona^ y 

^.e^,»a«.es,.«»*se,uencea^«^«-» 

,^i.aspedesareaotocns.de«dj.^^^ ^^,^<^ 

«g^e.c»en.s.is<>pe«blyloiBed»a^tog ^^^^^ 

pemassive coodWons would pelade s«b „f ^ 

Luce,ferrepressMe«.*.ofb..^n>o»..a.d"W«^ 

. rMM A RN A or nucleic aad analog 
means a recombinant DN A. RN A. 
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encodms the amino acid sequence of the CatSper4 proxe 

capabilite. Tta.s.a»tennincMesolom»g.«pes«on.ho,nologo« 

sequence which is expressed m that ceU org 

f th^ ceU or organism so as to affect the expression of a genetic 
genome of that ceU or orgam ^ ^^^^3 of introduchxg such 

„{e«d»in*ear,asttansforn>adon.tt»«f=cuo«.«»**oa.eleo 

..or means the total amomt of the active coiDponeiit(s) ot a 

enhancer or leptessor, means OB total aui -han« on a detectable 

■ ■ .v., i= oifBcient to oanse a statistically sigmflcant change on 
composinonthatissufBcienttoca r.j individual active 

Wochemicalorphenotypiccha^cteristic. When apphed to an »d.vt 
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r^fprs to that ingredient alone. When appUed 

f«^lv at least 90%. »>d most preferably at least 99%. by dry weight o( the 
r-^C: — ofthe^Shtofother—y ino^ae.^^^ 

Uca-^^^eas^-'.------::-^^^ 

e,e<«opboresis. atnino acid co=^osWo.»I aiudysts or HPIX analysis J ? 

r Lisatleast60*ofthetotaldryw=igh«.e>tclmiveofthewe«htofother 
Itrco.,^ P^etably.fc.s^^prepara.10.. — - 
r:"lh.omelnve«io...be»..wei.h.o..hepro.ei.«o,.^^^^ 

i^dbe atleast75%. more preferably at least 90*. -0-'^^^"^' 
^o,.be,otaldrywei^o,.beprepara.io....elusiveo,.hewe.gh.ofo.h« 

^i^yinoluLcompounds. Th«s.if the proteins of .he invenuc are .mxed 

Tor^n^o.heroompo,mds(e.s..dUnen.s.de.ersea.s.e^^«.^^^ 
CsTfbrpmposesofad»inistratioa.s.ability.storage.and.beh.re,d««e.^o, 

rlr Zounas is ignored in *e calcnlaUon o, the purity of ^ 

MJLel...hetern."— aslntl^pbrase-Alseont^-^B. 

n^ .ha. A and B at. brought into sufficient physical proxinnty to m»raC a. ^e 
r:l.«l.asby.nislngAandB.ge«.rinaso.uUon.orpour.sa — 

AoverBon substrate. Asusedherein. fliephtaseMis contacted wrthSi m^^ 

rile<,uivalent«."Bisoontac.edwitt.A"andisno.mtended.onnply*a.e.m« 

::::::U.e.a.ive«>«.o-..««teitherelementisn.vedre.a.ive»«^ 

. . AS used herein, fl» terms -UKrease" and -deorease" mean, respecuvely. 

aec^. AS used herem „ ^4 sWisttcally sigofflcantty decrease 

statisticaBysignificanaymc.ease(..e..p<0.1)sn<'st 

(i.e..p<0.1). 
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rtftnftTal Copstderations. ^ 
,,,,,,,,«HzaMonofacaacncha„:«lp™.ei„ which is 

tod^dssu^ tested, and whlchplaysasig.mea«.ro,.in««n»^ofsp^^^ 
^ahmtytofenUi^ov. The protein has been designated Ca.Sp«4 to md.... fl^t 
1, is the fourth £»<m ctamnd which is SsW"-^P«=ific to be ide,mfled. 

The CMSpe^ gene encodes six transmembrane domains and a pore regron. 
T^geneproductise^u^h^veiy^tpressed in the testis ^dnot in other assues^o^^ 

rirt.Ln.spleen.lnng.Uver.s.ce.etaIm»sc>e,orMdne,. m s^rm, the chamrei 
islocalizedprimariIy«>thetail'sprincipalpiec«.nottheheadorm«dp.ece. 

AgoLts and ar-agonists of the activity of the Ca.Sper4 proten, can moduiate 

.permmotiUty and. therefore. cam^nsedtotr^atinftrtiUty or as male and female 
contraceptives. In pardcu,ar.C«Sper4 represents an exceUent«get for non-^^^ 
bonnonal contraceptives for boU. maies and fomales. includmg humans and o«>er 
Lmais. Hen«,icationo,.heCatSper4g<^andprotein,lsopresen.snew.^e« 
Ld,edlagnosisandtrea.mentofh>fcr.iUty.andthusprovidesfornewassaysforthe 

identification pf compounds that can modulate fertdrly. 



=«^»t^S,resentinventionprovidesnneieicacian.ee.es^»»-c 

acid analogs, encoding the CatSpe,4 proteins, or useM fragments thereof. The fuB 
i.cDLofthehumanCa.Sper4ge.isdisc,osedasSEQn>Nal.TheM^ 
,e^cDNAsequ»ceofamn.inehomoiogisdisciosedasSEQIDNO:3.The5 

re£ula«.ryregionof ahumanaUele.including6358basese.tending5 ftomthe 

reguiarory e ^ <!EO ID NO- 5. The 5' untranslated region of 

ttaoslational start codon. 18 disclosed as SEQ ID NO. 5. 

tti, human aUeU is disclosed as SEQ ID NO: 6. The 3' untranslated region of Uns 
human aUele.includh.g 72 bases extending 3' fiornth«.ranslational.enmna..on 

codon. is disclosed as SEQ ID NO: 7. 

Nucleicacidmol»=ulesoftheinventi«ioanbeDNAorRNAmoWes.or 

h,bridDNA.RNAmolecules.Thenucleic acid analogs of fl^inventioncan^ anyo, 

Jesetaowninthe art. suohaspepddenncleic acids. analogsincludhigmoMed 

bases (e.g.. 2'-halogeno-2'-dex,nucleosides) and/or analogs uictading m^ed 
intemucleosidelinkages(e.g..phosphorothioa.eBnkages).whichareus.fulm 

^onssuchas*..>».rans,aaonorantisense.^ologi.s. m the remanu-cr of 
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^ „ and ^ appended cM^ns. whenever ^ "nucleic 
I^isin»»led»e^racen«c.elcacid»«logawhen»ch,nalogs.oaldbe 

l^<„a„i.bUtad.con..to,*eusage. nucleic adds can ,«se^^ 
l^esc<^pondins»aUo.apo.ono,aCa.Sp«4s«ese^^«^ 
^n>„lec»leswl^cha.con,.en.enta.y.oailorapo«.onofa^^ 

The nucleicacidacanbc derived from or cor^pondu>genonncDNA« 
Sricanbe.^cn»leculesbaseduponaCa.Sper4pro«inse^ence^d«» 
^^ccde(e...s,.*e«cnucUicacidawMch»flec.d«ccdonuaagep— u. 

tohostcelkusedinanexpessionsystenK). •„ ,k„ .„«ie coding 

r^ral^ons^. Suc.«uc,eicacidscana:so.eusedasp^u> 
^aon as^ys U, de.»« C^peM sequences in sa-nples o, od« nucU=. acds. 

totter eldin»n.s..„bse«o,««Ca.Spe.4nuc,eicacidse,ue^^ 

• . f«r mirleic acid amplification reactions, as probes m 
p„,ldeaforu.ea.pn^^-.--J^ 

hybridization assays to detect Catbper^ sequc 

lpr„bes.odis«nguishnonnalorwild-wese<,»«-««»»>»---" 
:Cces. lu^eseenr— ..henuc>eicacidaof««inv«.<»c^-«. 
;L^,,at.easU2.n.o.p.tera...a.leas.Uand.o.p«f^^.-^^^^^ 

Lecudve nucleoddes seleCed fcom a Ca.Sper4 sequence such as ^^^^^ 
Zndingupon^ena^reofmeappUcatton.itn.ybep.ferab.e.ochooseC^pe.4 

2::rwLhvvmhaveuni,ue»ge.,or.Mcha.e.^«.have^ 
2«s wiannasan-plebeingprobedorampUfieA Thus, for example, s«I^ 
^•r.nseran:se^wHchdono.inc,ude«»PC^^^ 

(,ore«u=ple.pol,».en,la«onsignaU)are«ore>ii.l,»V«»u.,^^^ 
Lthin any given sample. purposes of choosing pnn^ers for an^hficauon 

Uns. iuences of a. leas. 15. and preferably 18-25 nucleoddes are p^fe^ 
Z din- p^f^ embcdimen.. nucleic adds are provided w^ch enc^ 
.^„,ra>domaiJofaCa.pe.4pro»in.or.hlchencode.a«=.n.of^^^ 

. f veneration of antibodies. Thus, for example, 
which can serve as epitopes for tliegeneraaonoi da «,„.„fthe 
. - 1 ^.Ao.^ encoding Hie transmembrane domams of the 
prefeixed nucleic acids mcludeliioseencom g 108-137.155-202,209- 

CatSper4protems (i.e., approximately residues 46-75. ^^'^^^ ^^^/^^^ 
^3L242-272ofSEQIDNO:2.approximatelyresidues48-73.81.111,U3l34. 
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.^i^ly residues 76^5, 138-15 ^ 

P'^«^ -^^'■^'^^rr K^4. and aUeUc ».d — an 

antigenicity epitope of SEQ ID N"- ,„„„,ided which encode polypeptides 

^ ^ emhodin^nts. nn*e - ^"^ ^„ 
a. leas. BO*, and pre^ly - ^ ,^ 
.^nUtywithatleastast^c^a^^ 

embodifflents.anucle.cacid«p«mdedwln ^^,^rane domain 

80%. S5*, 90* or 95% amino acid sequence id^iuty J* ^^^^^ 
„,.ea..,„.pro.i.<e.app»^^^ 

„^^y msidues 76-85. 13 

r^^7«0.135.155and.34^o S^^^^^^^^^^^^ 

honK,l„gs.he,eol).«.P«»-^-^ ^„^,_^^^ovart^^ 

^ •^""^r.rl";^^,:^ enihodiments, nucMc 
homalogstl«eof). Inson«p«fe» ..^ 50*01 95% «ntoo»dd«*»^ 

e^gapolype^bavingatleas S0*.85*^^ 

iaenti.,«iUiaCa.Sper4pi.^andha,ingCa^^-J^^^^^^^^ 
„«ha,UCa.Sper4acdvi.,c^beineas»edhy«s^J ^ 

..u.ant(e.g..aCatSper4.o.^»»->-^^^^ 

CatSper* acti^ty (.g^^ „^eh inelnae a 

'"°*""^r^Is»a.leas.apo«iono,aCatSp«4ccding 
nucleotide sequence that hybaOiJ^ 
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^.oe<e.s.,SB.IO.oao.SBaH.Na3)-^^ 

^«.,.5.ssc.o...ssao.^e.a^ -c^^ - 

^gulatory reg.o. caab. mserted ». p„,5,.pdde has a, 

a„endogcaousCatSp«4s«r«nce.tos<»i»e«* „^ia 

NO: 3 under conations indudiog a wash s«p of 1.0 . SSC 6 

xSSC.or0.1xSSC. .riA, of the invenlioo encode polypeptides 

I„ certain embodnnents, the ..cl«c »=ris of the m, 

^ «f at least 50 amino acid residues in lengm. .lu 

incUding a Ca»Spet4 sequence of at l««t 50 These foLyt^ 

, * 1 An -700 or 300 anaino acid lesidues in icu^^ 
p„fe:ablyatleas.l00.200or300 „^ ,«,Bn,«nteane don^ 

ca„tacladeaC.tSper4sequence«hichincludesatl ^^^^a«eof. 
.Uastoneei»»eUul..oopdon,aln,atleastap^^- 
,son«p»e«»den.h<^n.s..hepol^de-^ 

.ea.Sp«4nuc.c.c^...O.^^^^^^^^^ 

amplificationp«>ductsthere„f).Theto,sl.->» The means for detecting the 

invention as a probe and means for det^tuig ^ 
p„becanbeadetec.ablelabelhou.dtolheprobeoras«x>n ary 
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hybridizes to the isolated nucleic acid.), 
r^tifttir. Constructs. 

^ecj^ncesareselect^ftomtbocoding region of^eCatSpert gene. -»d-<^ 
„„bodim»«. a- CatSpeM gene sequence, can be chosen 6om toe CStSper* 
^goWory «gions extending approximately 500-1.50O ba.es. or approxnnately 60(V 
1.00O bases, y of the start codon. and approximately 250-1.000 bases, or 
,™„,xinBtely500-750bases.3'oftheteixninationcodon. 

I„„neseriesofenJ>odin«nts.CatSper4codingsequences(e.g..theent«e 

^ region, sequences encoding sttuctnral domains, sequences encoding potent«l 
^«„^.or sequences encodinguseMprimers orprobes) are "P^*''^^-^; - 
i;n„„sorexogeno„s.egula.oryregionto«»m=n.e.p.essio„co^t.U^ 

,eg„Lr,regionsfor.hesepurposesinclude..»e.dogenousCatSper4 regulatory 
::on,lLvep,omo.erse,uenoes(e.g..CN^.SV40.BP2,ind„c,b.^^^^^ 

sequences (e.g.. laoZ.te.). Manynsefulvector s,steo» are now ^^y^^^ ^ 
Jample,„seMbacteria.veot„rsincluae.butatenotlimlted».^m 

9 (Qiagen. Valencia, CA). pBluescnptn(Str«agene. 1. Jolla. CA). andpTRC99^ 
PKK223-3. pm540 and pRII^ (Pbarmacta. Piscataway, N«, pTio (Am^ e. al 
(1988), G.». 69:301-315) andpETUdCSordiere. al.a990).l/^«.S^-'- 
Zlm BxamplesofvectorsforexpressioninyeastindudepYepSecl (BaUlarret 
1(1987) EifflOX6:229-234,pMFa(Ku^anetaL(19»2).C.«30:933-943). 

pmygg (Schultz et al. (1987). Ger. 54:113-123). and pYBS2 (Invitrogen 
Cotporation. San Diego, calif.). TOe CatSper4 proteins can dso be expressed m 
insect cells (e.g.. Sf 9 ceUs) using, for example, baculovirus 

U.,uding.bn.not taited.o,pAc vectors (Smit>.e.aL(I983).M..C.«B.l 3.2.56- 

2,65) afdpVLvec«,rs <U^o. et al. (1989). V.>./.^ ^31-39). of 

Jr^expressionvectorsinc,ude.butaren„.Hmited«^^^^^ 

Nature 329 840) and pMHPC (Kaufman et al. (1987). EMBO J. 6:187-195). Other 
:rIryot^cve<LinchK.e.butarenc.hmited.o.pXri.pS05(S.ra.agene,I. 

Jolla. CAX and pSVK3. pBPV. pMSG. and PSVLSV40 (Pharmacia. Ptscataway. NJ). 
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Thus, one of ordinary siioii xx 

vfv-toT is directed at an 

5' a»d 3' fl»tt« wluch are ho g ^ 

♦v,« and 3' flanking sequences is tne 
to^rget Bemcca^S "»f\V^„,^^,„, ftar«-sbm»»«atton. large 

„„,a«oa. •n»'»«^<^"'7^'^„^^„encewMchs«vesW,m«> 

a^p.*«en<iogenousge«a.a-^-2ais«.s«abelow. 
^^ination. sequences be joined «, 

I„otheren*odimeBts.11«Ca.Sp«4co ^ "* ^^„ons>iactor 

^^0. vec» Which encodes a '^J^ , i„^e d» solnhiU^ 

^^M.oi„c«ase*ee.pr^»o^«^^ j^^^^^,.,..., 
^«„Ca.Spe,4 protein. anda.d«««P«^ ^^^^.^^^ 

.«^.aU^d.ora«ni^^^.AP 

i^rodocedatthejuncaonoftheCalSpet Typicalfcdon 

^C«,er4pro..c»e..^^-^^^^^ 
^pression vec«.rs mdude pGEX (Snntt. 

^Bioiabs.Be,erl,.MA)andpm5^h^-^^ ^^^^^ 
gtaWhione S-ttansterase (GST), mal»«Bb««togpro 

to the target 

lecombinantprotem. constructs ate produced in 

^^«herseriesofen>bodi»en.s,vec.rs»^ 

„.ch.hecodingregione.on>a^^.-o^P^JJ_^^ ,,,^H0..6atd. 

«B'<»»'»^^"^'^0^,„^3. end), such geneticcoostracts... 
y end and, optionally. SBQIU" • „„„_.ds that enhance ol repress 

„seMinassa,,.oiden.iiyorcharacte.«ec^-^ ^^^^^^^^ 
Ca,Sper4genee.p.e,^onbye.*«ncmgor.ep«^ng^^^ ^^^^^^^ 

^„e. Awidevarie.yof."i«*l="P<>««^'"'^'' 
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. 1 hntarenotlimitedtcthelacZand 
M vi^ Pvamoles include, out are nuii*^ 
and are commercially available. Examples 

homologoftotC«Sp«4g».te«P»-^ 

i^rfeOK^^^^^*^' . ^™,^desceU lines transfoiUKd with 

vectors). Saoh transformed oeU toes can ^ screen for 

^Ca.Sper4ftago-tsof.hei.vent.»^«-^ 

that enhance, repress. ago«». or antagomze 

»<*^«y- . ..Mbvhitrodudngintoacdlanexogenons 

^^fomredcenscanheprod^^^"^^^^^, 

^caddor^leicacidanalogwhrch^^ ^^^^^ 

^.^dese^nencc^h^his.^^^^- ^ 
g«,«neoftha.ceBsoastoaffect.heexpr 

..^o^canheachievedh^an, 

,^,^».»nsf^on.transducu^ P 

^ The,nethodof.ransf«n»t.cn.*»»» ^^^^^^ 
^™edandthena«»of«»g«»..c^^^ 

^eenHnesf^trans^^^ ^ 

.om. yeast oeUs (.g. ''■""^ ^''T^,^'^ CaenorHa»MHs e^^ansX 
^^,.,.rSctaeiderceBs).ne»a^^^*^ 

«-"---<r"^-CerOvar,ceUs(e.g..CHO-K«).and 
3T3 fibroblasts), Battus rattus, Chinese imhu. 
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1^ «Kmhlasts hmnan embryonic kidney cells (e.g.,HEl<L- 
ceUs (e.g., human slon fibrot^^^h^ 
293 ceUs), COS ceUs, spermatogomal ceUs). Transtorm 
l inveln include somatic cans, fet^ cens, en^r^^^^ 

gametes, gennlinecensandt^gemc^^^^ 

Appropriate cells can be transformed witn any oi ^,,«„„4 
. tnnroduceCatSper4proteins,iricluding&agmentsofCatSper4 

constructs m order to produce cat^pe p proteins under the control of 

* „ proteins, or marker protems unuci m 

proteins, fusion protems of Catbper^ proic 

a CatSper4 regulatory re^on. 

g«^y in, e-g.. San^^.^ e. al^ 

, M cr,rii«r Harbor Laboratones, New YorK, ana i-^a 
j^ColdSprmgltaborl^ p^^ar methods inctate caldom 

(Feigner et al. (1987). Froc. iva». 327:70-73). 
deUvery using high-velocity microprojectiles(Klemetal.(l^^^^^ 

^^^^^^^^^"^^^^ , M.«fortheproductionoftransgenicnon- 

Th^ nresent invention also provides for the proaui,uu 

inactivated or deleted (e.g., knock out sequences can be 

to novel ceU or tissue phenotypes. Ectopic 
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3eq„e,K:M can alter ceU, tissue jefccts in CatSpert activity. 

T^g«nc animals are also nscfuHots^eem^ ...Lrter constructs ean be 
„ . «wv Ttanstenicanimalstransfocniedmfhieporterconsiru 
onCatSpe^acttvrty. ''^^r^ ^.^i^^ieoules or drags or physical 

^tomeasotettetranscnptionaleffectsot j„^. ■„„ 

therapeuticutility. .^^^^^^e anixnal models of the present iaveation 

Animal species suitable for use in me «.KhiK does cats, 

r -..^tn rats mice, hamsters, guinea pigs, rabbits, dogs, ca 
include,butarenotlimitedto.rats,m^ce ^^nkeys. chimpanzees), 

goats, sheep,pigs.andnon-humanpnmates^-S^^^^^^^ 

Porinitialstudies.transgemcro^^^^ 

ease of maintenance and shorter life spans, iransg 

^,er.ea.or.on.er.er.s..ai.a«.o^^--^^^^^^^ 

X;si„,...nucleie.cids.^osed^^ ^Hrus. the enabtad 

s^verd available approact^sfbr^ecreatronofa^^gc ^ 

endogenous promoter element, and as either g ^ 
1. ^^nrDNA with introns removed) or a large genu 

ra^r::::rsencoain.at.easta^on^^o^^ 

Uehavebeenreco^i^Uys— joe^;^^^ 
e^genous Ca.Sp«4 gene by ho^^^- 

.^,^in«hichon.orbo.hcop.esofoneom ^^^^^^ 

^tavebeenrecon^inantly-hnman^zed ^'"'^^ ,^g..(4) 
Loaingtbehnrnan^ologbyhon^logons recon^b^on or^ 

^^InwHchse-^ncesencodingare^rterg^^^^^^ 

C-P-^by,.»nol<.o.— 

one or both copies of the annnal's CatSpe.4 sequen 

— i^-bythe^o^a^^-^^^^^ 

nucleotides by homologous lecombmation. in ^^sing from defects in 

J 1 ;«frTtilitv or other disorders ansmg uuux 
invention are useful as models of infertility or 
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. „ These animals are also useful for screening 
the CatSper4 gene and/or protein. These ammais 

eon.ponndsfortheireffectsontheCatSper4geneand/or^^^ 

.1 ^xioi tf^Q ^ transgenic mouse;, a ^jir 

,y or Sin* - ^i^on 

tt««orstafflarproces.«a»tcta«atoas taod=out 

(replacement) models. of the recombinant DN A consttuets 

--^'"^•""T^jr^l-oUiust.ertm.aooc^^ 
ofthepresentinvenUoncanbemsatedrntofl^P^^ ^^^^ 

™. oocyte is .hen reimplanted ir*> ' ^-f^^'^^^ (e.g.. from 

3^sa.screenedforin.egrantsnsmgs.andardDKA^ 

Thetransgenecanbe^ttoa P „^ artificial chromosome 
.host aspart of a yeas, artifidal cbromosom^ ^^^^^^fl^eittrer the endogenous 
(H.O.oro.herchromosome..A^^^-^-^ ^ 
^^roraheterologonspromo^^or-am^ 

»^--*°'^-^"'^:t^et~ofinLest(e.g..awildt,peoraneUc 
TO create a .r»>sgene. .he ur^t^ ^ ^„ ^ 

I^~^'^^J,,;„,,,.crea.inga.ransgeaeist„usean 
P'^^^-^-'^'^^^^^nenltodrivee.pressionofthc.ransgene. 

Pinaily.itisposs*le«^c^-2, 
YACs which contain the entre desaea gc 

, „eatedby targeting endogenous CatSper4 sequences 

Animal models can be created Dyrargeuns e .ffe^tof 
u. Thesetargetingeventscanhavetheeffectoi 
for homologous recombmation. These targe g 
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«, ^n^Bsh «s and appropna. sources of ^^^^^ ' o«on«Sy..e.s .no.. 

w tnrEeted 3X6 conunerciaUy available te.g., 
animal genomes to be targeieo <uo 

•n^WteaK^o*'^'^"'^^^ abao^nal^omyoin^aisuoce 
^o»icPNAisU.a.ed5.«,as^^- 

^-^^'--''"-"t^riaaol^an.ofu.— 

fragmentftomthegeneofrnterestismenuga ,.^,dine kinase). The 

ear««*».ups.«a»o,aseco„d».«««e:.a*«(e...*^^^ 

DNA ftagn^a. a« chosen s«h ^ n»« ^^-^J^ ^„,„^,„„„, 
,e„n.ineo,«»«S-a.nin«.byho»o.o.»s^^-^ 
3e,„encesby.W»roaeo(*ese,»»-»^»iedn,fl»v«. 
:^.ncescanbec.oseo»c»>seae.eac„ofse^«-w^*^^ ^ 

be«.ee„*eleftandrigh.arn«of««veowsuno»«ln^a»»~^^ 
,o„ne,.^o,„asa^oo..i..U».a«eris»no^as.^^^^ 

Ke„o*a>lnfec«onofea.,yen*^oana^^»- ^^^^^^ 
^„binantDNAco,>s».*offl«u.v«uon. """^^^ ,,^,ector 
.„.^eo.aneUc,a.an.o,aCa.S^se,n»^)^-^J^ 
„Mchisusea»a^UyWeote»b.yosCe....=^»-^^^^_^ 
during the eady stages of developn«n. .0 gencaK parually tr 

of whichbeailhe «:ansgenes in gennline ceUs ^^j^^^us 
Ahcmadvely.homologousrecombmau-usmgapop^ 

^o.sfo.«»sc^.of.epop.ationfots„ccess^«-^^ 
iaen,ifl«l..hesecanbeinjec.cdin.oblastocys.s.aodapropo«on 

^«m*o« ^'^'•»-^°"°'*:^rweU astechniquesfbr 

Techni-pesof gene^togtransgemcannnals, as wd ^ 

^^logous^con^inaaonorgenctargedn^-now^dc^^^^^^ 
^«bo««^»an«alon.hen-pnU.onof.he.o„»e^o^^^^^^ 

™ce(Hogan,e,aLa986).Manipnl.flngtoMouseEn>bryo.Col 
Laboratory Press, Cold Spring Harbor. NY). 
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which .re a»re ^U, isolated ana/or pm^cd^ 
..o^e»^^-«S..^^J«^^-^^^^ 

inoluding aUelic and mammalian homologs ol mese 

„.«ne, loop and por^fonning '^^^^^S^'^ protein (i.e.. 
^.^.aen^fiedby^ q 

-"^'•^^^^ttrrZo -dlucandn— 
predicted antigenicity epitope of SEQ ID NO. 4. 

thereof. vmvinc at least 80%, and 

,^en*odimen«.pol^.aesa^^-^ ^^^^^ 

pre,eraWyatleas.85%.90*or95*»nn^*J^^^ 
3«3Ctu,aldomainof.CalSpe,4protem. Ttas.msome 



26 



PCT/US2003/024359 

WO 2004/015066 

, . RS% 90% or 95% amino acid sequence identity witii a 
provided having at least 80%, 85%. 90% / , ^i^ues 46-75. 

v ^ ^«rr.ains (& e approximately residues 76-85, i^'* 
transmembrane domams (e.g , app ^ 
SEQIDNO:2.approximatelyresidues 74-80,135 155 an 

4,laUeUcvariantsandhomologst.ereof),orapore.^^^^^^^^^ 

•H 722 231 of SEQ ID NO: 2. approximately residues 222-231 of SbQ 
:rltXa^a--losst.e.^^^ Xnsomepreferredem— . 
4,andaueuc voix qo% or 95% anuno acid 

a CatSpei4 -/- mutant (e g., a CatSp«* "^o ^ 

IncMtainembodiments.thepolypepndesofthemyenOonnK;l ,,n„MO 

tias. 50 amino acid residues in lengB. p»f«*ly « «»• 
sequence of at leas. 50 amm ^hese^i^ptides can include a CatSp«4 

or 300 amino acid residues m length. TX"'!"^^ « feast one extracellular 

^„Mc.includ.satleas.o.e.rans,»,^^--^ 

loop aomam. at least a pore region, or ^-^"'^'^ "^'^^ J 
em.caime«s.«»pol^Ude,.asCatSper4actr,,^^S^^ 

i^„nofioncurrentw,»nexpressedmaceU(e.g.anoc^)^^ 

oAMP-indncedCa-influx;.es.orationofspermmotdrty»hene.p.«s^ 

Cnn;«»d/orre.torationo,t.ea.iUt,.opene.rateeggsw,«ne.pressedm 

CatSper4 -/- sperm. 

A^tihrvlies ^m-"* r^^^V^rA Pr"*-"° ""'^ Polypeptides. 



proteins. 
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Tte anUbodies can be rax.e4 agams 
.^,^0 o, tt. prccins and wb.* — „r at leas. 6-12, 

C^^^. •.nS.predi^eda.U^enid.y 

Ca«^ep«opes».ec.ed^n.-^--72rd^^^^^^^ 
^peo,SBQIDNO:2.o.«i«»a^gU^^«^^__^^^^^^^ 

ofhyarophobidty.^ftceprobaWU^rand^ .^^j^j^ 
^clndingOCOandMacVec^^CO^^C^^^^^ 

,an»sonandWolf(1988).C»mP"^^''^»^^ .^•^^^i.e.ttac^C^^^^^ 
substantially punfied ftom cells ^ i^^nogens can 

rr:U-and...eab..»^^-^^^^ 

^^nabodiesofd-einvennoncanb.^^ ^^^^ 

.«^^^...-d-s^*^jr:^,^^^^^^ 

of anSbody tagmcnu U.Kd above a. we of d>e 

anu-bodicsbaseaupcnnon-bun.. — 
^^disc.„a«eofCa.Sper4p..n. asw^^a-^ 

antibody «obniqoes.s«An«bodyEng««enng.2ndEd..B 

Mveisity press, OxftHd (1995). , . _^_4 ^ttbodiescanbep«.d»oedby 

AS a general matter. ™nocl»«^ """"^f ' , catSpert 

^KWt «xoat or Other suitable ammaiwiui a 
fetinjectogamo«se,rabtat.goat«o ^^j^^^oanbe 
i^^ogeninasuitableoanierordduent Carrrerpro« 
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. • . « w nrtri-weeldy over 8-10 weeks) can be 
utilized, and booster injections (e.g., bi- or tn weeKiy 

^ a« sacrificed and «.c. spleens are ««>v». and «»3P«^»- 

,™ue buffer (e.g., phosphate buffered saline). The spleen cells sen-e as a^ 
^boc^.sen»efwMoh,m^«cean.boaiesof0.eapprop™.sp^«^^ 
T^ceUsLa^nfUsedwi^an immortalized ceUline(e.g..a»ye.on.)^-^^^^ 
:i:„f«„f..^pla.ed...s»ecnl».we™^^^^^^ 

.«tre^ HAT) The weUs are seriaUy screened and replated, selecting c 
r^tLTeachtime. «. se«r. sereenins and replaln, pr«=«.ures are 
e^o:»nm«.weUscon«^s^cloneswMcharepo.«veforan^^^ 
Tducdon MoncKdonalantibodiesproducedbysuchclonescanbepunfiedby 
^ri«»dss»chas.fflni.yc«graphy»sin.Pro«inASepl^^^^^ 

r^ecbroma.„graphy.c.b,v.ria.onsandcon>binaa„nsof«^^^^^^^^^ 
Uodiesof«.inven«ono.nbe»sedinava.e.yofappucauo^^r 

example, antibodies canbensedinapuriflcadoarro«ssae..mnnnn« 

:nri«:a.on)forCa.Sper.pr„.e....says»^-^ 
CalSper4 protein in sperm (e.g, in a diagnosoe test f* a CaSper4. 

visa's to measure the presence or le«l of CatSpeM e^™ »^ 
ls(eg.in assays for regulators of CatSpe-4expresslon.n.Wes.«»blo.tmgto 

immunofluorescence techniques to establish tne ceuu 
'""r^^esoftheinventioncanbeboundorconM-withother 

or materi^s for diagnostic and/or therapeutic uses. ^^^'^ 
^pled to Wbels such as radionucUdes. fluorescent compounds (e.g. n»damme). 
^^forimagingortherapy. Thelabe.canbeboundtothean..b<«.es 

— :rCt.,ent^--..forde.ectingatleast..^^^^ 
. Th^ldts include an anti-CatSper4 antibody and a means for 

b„undtofl.eanabodyorsecondaryantibodiesforde,ec«ng.heantt^a.S^r4 
!rb!les(e.g..alabe.edgoatanti-r.bbi..,gan«bodyas.secondaryant.^^ 

detecting a rabbit anti-CatSper4 antibody). 
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I„anott«rMpcct,<topiesentinve»tionprovides^ysftr 

and/or protein. - ^ invention are 

J „«HtVi<> effect of the compound on me 
contaetedwithacandidatecompound,andtheeffectot ^ 

*• •*„«frat«?ijer4 is determined. As a general matter, mc j- 
expression or activity of CatSper^ is oei r„tSner4 orotein 

indicaIoiofttaiisciipttoo(=8-."*NAtevei8),n 

decease in the indicawr. The Bte«nce level ^^^^twith 
tocandida<ecompound).nan«creas ^^^eon.p»„dis 

identifiedasapotentialmodulatorofCatSper4a y . ^ fo^ other genes. 

C^^ac..lVcan.clu.a..c,«««usM.^y^^-^ 

^e^^pLcha^s^sin^epresenceoneve,.^^^ 

ehangediaKCtentticoftheieponerc t„ „*erMiibodtaei>ts, 

e„^e*>Kes»rrep.esses«pc««geneexp^.on. ""^^^ 
. 4:A»rat«;Der4 protein can be detected by measunng.1" 
Changes in *e a«.«., of ««^4 P 

example, the ftaxofcaBoosmedxaladby m P ^ ^^^^^^ 
eeU or channel cmteots. Meas««mentsof .onfluxescanbe .^^ 
,^o«.whlehchanseeol«aependingupontheconcen.««o^^^^^ 
Thee«fLofc«^aa.econ^»asonmanKe.penn.emcanhete«ed.occ„flnn 

Compounds which bmd to Cati>per*K»«;^au 

Vc«fembodiment8.1ibrariesofcompoundscanbe 
activity. Thus, in another senes of emDoaimfinu*, 
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doromswhichcanbeusedrnthestmemo MertracelMar loops and 

j„m,in« MtraceUular loops, pore regions), but fflttraceuiu v 
(^sjjejjbtane domains, exiraceuiu<.i r r . „ r»tSiiei4 

• =,„mrfeired to such meUiods, the CatSper4 protein oiCalSpeM 
p<„„g,onsarep««a,«i Ins „^^^te)anda 

,M domain can be ■-">'"^ ^^'^^^^^.^ ^ Ca.Sj«4 moiety, or the 
««„noftheoandid«ecompoundcanb^cn..t^^^^^^^^^^^^^^ 

r »t«5ner4 moiety is immobilized but, ratner, oom die 
r^:.Je«mp.e.a.^.aaono,pa«ic.esb^ns^^^^^^ 

Binding can be detectedby methods wdl known m the art (e.g.. •^"^^ 

„hich,nnderphysiologicalcond.t.ons(e.g.,™ihm jc,<lOllM)to 
«>evagina,uter„sorfeilopiantnbes),e:U.bitsignificantbm^(e.S..K.-l 

aCa.Sper4 protein. arepotentialmoduIatorso{CatSper4a«.v,.y. 

Tiifrthrlur""^''""'"'^"'"^- , . contraceptive 

^ CatSper4 gene and protein are ideal targets for potential comr ep 
^ . ocali.aUonofCa.Sper4.omatnrespermmeans.ha.aspeo.fic 

„„neida»nt.BnaUy.sincethech^elrepresentsanovels.nicmre..tmay 

which inhibits the translation of a CatSper4 roRN . Y ^ 

r-otQrv.rA translation or post-translational processmg, oy 
interferes with CatSper4translatio p „.u,™eans of a molecule 



1 , th«t interferes with CatSper4 localization, orby means oi a mu...u 
small molecule that mterfereswiui f including antibody 

whichbloclcsCatSper4activityasanionchannel. Antibodies, mcludmg 
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Because most repressors or antagonists of CatSper4 expre. 

toe and new spenB » oonstaBfly bemg produced. Thus, rep^ 

„ . — innoractivitycanbeusedashumancontracepUvesDecaase y 
CaSpert expression or acoviiy.^ „,anvorpaienlerany 
...1 !»iw«litv Such oodtracepttves can be taken oiauy or 

^^•'••"T^^a.u«rus»f^opian»bes.oe«eca,elyin^ 
sufficient concentrations in the vagina. ^ th^ abiUtvof spermto 

, 0^peM»*ivHy««.«-^y'^^-~2\X^^^ 

males if they achieve sufficient concentration m<he testes otse 

r::i,UcatSpe..e.press.on.^-^^^^^ 

utility and the abiUty of sperm «. penetrate the ZP. Alter^ y. 

can be formulated into lubricants, n»isnmze,s. foan. or jelhes ^ use wi^ 

':,.,ac.ics,cer,icalcaps.orc™^«-^^^ 
m another series Of embodiments, repressors or an g 

embodiments are smular to those descnoea niaintained as 

c..„ he used with respect to domesticated animals that are mmu 

% ™ith resnect to animal nuisances (e.g., nuce. rats, raci^, 
sheep, horses), or with respect lo <a available and can be 

^P*^*^- r«t«5ner4cenes and proteins and the fish, 

---'--*^'^::::C,^Cnniali.Ca.Sper..enesand 
^"'""":"r.^^'offish..mp«bianandinsectnu.ances<e... 
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p„.etascanbe„Bedtolde.tilyaddiUon.lrep«^a«dan«goms.sw 
specific or effective for sucli homologs. 

MaBote aspect. Represent invention provides a»a»ds tor geaotj^mg 
s^jects with aspect to ^ «Sper4 gene, and diagnosing Ca.Sper4-eIa.ed d,sarders 
such as inferfiUty. Thus, for example, the CatSper4 nucleic acids (or a porUon 
thereof) of a subject can be tested to asceruin whether that subiecfsCa,Sper4 

^,nc.udesanynu«a.ionsin*ese,»encesreiaUve«>wUd-type. Ofpart.cu.ar 
^g.iLcewouldben««aaonswhichin«oduce,erndnati„norframe-sh.ftmu.a..ons 

a«.p«ven,.heprod»cdonoffuncaonalCa.Sper4pro,eins. Point nmtado^. 
fcow!ver.canalsobeidendfiedwhiehc».sedecreasedCa.SpeMac.ivity. Snndariy. 
tt«an.ibodiesoffl»presentinventioneanbe„sedtotest.hespem.ofasubjeato 

detenninefl.presenceorlevelofCatSper4pro.«ns. Of particuU^notewouldbean 

absenceorsigmfica„.decreascinti>eWotCa.Sper4p«^.Pointn».«.^^ 

however.canalsocauseinfer.iU.y.ndcanbedetec.edbyantibodieswh,ch.re 

specific for epitopes including or a»c«d by fl» mutant sequences. De^munaaon of 
a suhjecfsCatSper* genotype can be used for genetic or reprodncdvecounseUng, or 
for diagnosing infertUity that results from a CatSpePt defect 

To determine a subject s Cafiper4 genotype, or for diagnosing a Ca.Sper4- 
^<Bsorder,thenacleicacidsof.heinventioncanbeusedasprime.sm 

polyn^chainreacuon (PCR) (e.g.. anchor PCR or RACE PCR), or hga^d^^ 
.eacdon (LCR) amplifications of *esubjecfsmA/n*NA. See e.g..U^ ^o. 

4 683 195 and US. Pat No. 4.683.202; Uutdegran e. al. (1988). Sc^e 241.1077- 
,;80; Nakazawa e. aL (1994). P... Ac^. Sc, USA 91:360-364; and Abrava^ 
«al (1995) W«cteicA«&to.23;675-682. Ote useful methods for amphfymg a 
subJectsDNMuBNAusingthenucleica^oftheinventionincludesa^^^^^ 
se.^repUc.don(e.g..Gua.emetaL (1990). Pn.. i^orl Ac<.^ Sc. USA 87.1874- 

,878). transcdpaonal amplificafi™. (.g.. Kwoh« at (1989). Proc. NaU. Ao^ Sc. 
WA 86:1173-1177). ».d<i.BeuReplicas^baseds,s.ems(e.g..U.ard.eta^^^ (1988), 

Bio^ec^to^ 6:1197. -n. p«sence. *sence or size of '^^'^^ 

products (e.s.. SaiM et al. (1986). ..^ 324:163; SaiM « a^, («B9. 

W Set t/M 86:6230; Gihbs et aL (1989). Nucleic Adds Res. 17:2437-2448. 

^ • •^♦ai n<i(yi-\ Mol Cell Probes e.UBacmy 
Prossner (1993), Tibtech 11:238; Gaspanm et al. (1992). MoL c« 
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(1991), Proc. Natl Acad. Set USA 88:189), direct sequencing of the amplification 
products (e.g., Maxim and Gilbert (1977), Proc. NatL Acad. Set USA 74:560; Sanger 
(1977), Proc. Natl. Acad. ScL USA 74:5463), and other standard analytic techniques 
can be employed to determine CatSper4 genotypes. The amplified products can also 
be used in many of the techniques described below. 

The nucleic acids of the invention also can be used as probes in hybridization 
and/or conformation-based assays to identify complementary or imperfectly 
complementary sequences in a subject. 

For example, in some embodiments, mutations can be identified by selectively 
hybridizing sample nucleic acids to inMnobilized control nucleic acids. The controls 
can be adsorbed to filters or columns, or can be arranged in high density ordered 
arrays containing hundreds or thousands of oligonucleotides probes (see, e.g., Cronin 
et al. (1996), Human Mutation 7:244-255; Kozal et al. (1996). Nature Medicine 2:753- 
759). 

In other embodiments, enzymatic or chemical cleavage can be employed to 
cleave or restrict duplexes of sample and control sequences at mismatched bases (e.g., 
Myers et al. (1985). Science 230:1242). For example, RNA/DNA duplexes can be 
treated with RNAse and DNA/DNA hybrids can be treated with SI nuclease to digest 
duplexes at mismatched bases, G/A mismatches are cleaved at the A by the E. coli 
mutY enzyme. G/T mismatches are cleaved at the T by the human thymidine DNA 
glycosylase (see. e.g., Hsu et al. (1994), Carcinogenesis 15:1657-1662). Chemical 
cleavage of mismatches can be employed using, for example, hydroxylamine. osmium 
tetroxide and/or piperidine. See generaUy, e.g.. Cotton et al. (1988), Proc. Natl. Acad 
ScL USA 85:4397; Saleeba et al. (1992), Methods Enzymol. 217:286-295; and U.S. 
Pat No. 5,459,039. 

In other embodiments, mutations can create or destroy specific sequences 
which serve cleavage points for restriction enzymes or ribozymes. Thus, restriction 
ftagment length polymorphism (RFLP) analysis can be employed in which (amplified) 
sample DNA is digested with at least one restriction endonuclease, and the resultmg 
fragment lengths are analyzed and compared to controls to determme the presence or 
absence of mutations which affect the pattem of restriction fragment lengths.. 
Similarly, sequence-specific ribozymes can be used to identify mutations that create or 
destroy ribozyme cleavage sites. See. e.g., U.S. Pat. No. 5,498,531. 
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^ >«. Hf^tected bv their effect on the 
mother embodiments, mutations canbedetecteaoy , . 

itw a«! a sinele-stranded nucleic acid or as 
electrophoreticmobilityofasequence.eitherasasmgles 

, Single-strand conformation polymorphism (SSCP)anaiysi 

duplex. For example, single stran ...^^.g. cotton (1993). M«raf. 

rorita et al (1989), Proc. Natl Acad. Sci. USA 86.2766, ex>tion ^ 
(Ontaetai.Ui'ayA^ , t.^i. Annl 9-73-79; and Keen etaL 

» ■ »^ fWSTI BtolTfcw. «.«»• 265:12753) can be employed. 
~Zr^"^ofae.=c«nsn„u^->n.eCa.SpeMge.esaM 

^«jr:!ppa..U.<»eo.c^^inU.=...se.upo.«.»c.cac. 
and protein sequences disclosed herein. 

-----t";:rrrz:j:rr.se»««.^o 

are contacted with ova from which the ZP have 

he extended to other males having genetic deficiencies wmcn 

ova with intact ZPs. 

m another aspect, the present mvention prov . 
taCatSpeM^M-tn^Oes. iawWchan eduu^e. of Ca.Sper4 express.onor an 

^^clp«4acavi.yisaa»un.««d»*esnbje«. In ote e,nbodnn=n.s. 
agomstof CatSpertacttvity ^^^CatSperf gene or protem to 
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Ai»^ » CatSt)er4 twotein can be employed to 
gpnetherapy,ageneticconstructencodingaCatSper4pr 

Leexp.ssionofaCatSper4 protein in spermorspennprogprntorsw 

deficient in the CatSper4 gene or protein. .h^man couple) can result 

™le. to sooie cases, m „«fcoas of diagnosing an a«t.- 

female urogemtal tract. The memoes fragments of 

-----^"--'^'"::^rcSrjg«-a«e.«>pesof«» 

Ca«peHp.>«ins.I»son»«*^^ ^^^^^ 

Ca.Sp.4 pro^ins '-"^^^ ^ ^ ^Ugenioi., epitope o, SBQ 

anUgenicityepitopeofSEQIDN0.2.ora g P either the 

n, no: 4. and aUeac and a homologs .be^oO^to^ 

.n.a.e.sanU.c.eso.«»Ca.pe..— 

:ir;:jng^=en.a„..^.and. 

^"":irri:i^-gane^o...Ca.pe.p.o.e.^^- 
^.,..Ca.pet4p.o.in — ..«.e,.n.^^^-^^^ 

.^.aing si^s o, .he an.-CatSpet4 antih»iies ^ ^ 
.^.hereby inMbi.orreduoea>eanUbod,-n.edta.edu^^^M^^ 

isotypic anahoay (i.e., an antihod, wiUch specifically --^«>^'^ J 
^3.Wy»i.ade..^^«.c^-^^^^ 

„hlch binds spedflcany .o -"-^^'^^ ^, ^ inhibit « 

.„.i-Ca.Sp«4anabodiesp«sen.m,hefe»alesu^g 

^theantibody-nedia^dinft-Uity. ^-^/^t^^^^,^,, (e.g.. 

^0»^van.Ca.S^4.pitop=s^^2:^I,p„„pre^o.sof.he 
„,^«„n»a»dsaesc.bedabo«)andp»^-— ^ ^,^>..en.ion 
..evantepitopeoranti-idiotypican^*^-^-^ 
^p„vide,n«.bodsft,r,»a.ing.nan..^P-^^ 

includeadn^nisteringintotl^^^"^* 
CatSpet4 epitope (or whole CatSpcPt ptotem) or an 
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effective to inhibit the ani 
antibody-mediated infertility. 



fl<»Sp«4 «>tibodi« and fl«<eby tahibit or ledace the 



L ^.Aer asp;:;:^r^^ve,>do„ provides a n»4od of a 
arugdiscoveryb„si.«sca».prUing:idenUfyi«g.by me assays ofU^mve^^ 

iL^^lchaau.o^Ca.Spe^-.''''^^-— ''--'""tXr 
lh3rassay,oraaaa.ogofsoohana,en.,inMM.a..eas.o„eo,s^™.a^^ 

eggpencBance; «>nduc«ng.herapc«ic profiling of an age.. >de»«iled^an 

Xn-fore«cacyand«»aci.,inoneor»oreanin«an.odeis.a^jo^^ 
phalce«icalpreparaUoninch«iingo«eorrnorean«^n..ag»^ 

'"'^^:rCntr:coy«y..-sfnr..erinoi„d..es.epof^ 

es^n^gasys^fordis^bn.^.^— 
optionaUy include establishing a sales group for inarlcetmgxn p 

'^""::„«.r.speo...»presen.inven.onpro.aesan^odofco^^ 
a„.g ascoveryi^sinessoon^adenafying-byaesubjeot assay o^orm 

"lw..Jagoni.eCa.Spe.a.«.i...d=.=n^»-«---^^^ 
lay or an analog o, such an agent, increases atleastoneof sp«mmo.Jr.y or «^ 
^^oe;condncting.he^u.icprofiUngof.nagentidentifledasan^n«^ 

Lacy and toxicity in one or o.o„ anin^d tnodels; and fom^latn^ a ^»™,ceut«=al 
^on inclnding one or n^te agents iden.ifi«. as having an acceptable 

•^"c^lbodin»nts..hedn.gdiscoveryb.iness....^inci^^^ 

o,estabiishing.sys.en.,ordist.ib«tingthepharn«centica.prepa^ 

canoptionanyincl.*estabUshingasalesgronpforn>ar,cetu.gthephannace^ 

•^Tcertainen^ts.tbeassaytoidentify agents wMchagoai^C^^^ 
.,«.>„Lndnc.ed,^gwild.ypeCa.Sper4. in another etnbodi^en..^ assay to 
iaentily agents Which agoni»Ca.Spe.4»=.ivity is conductedusingamut^t 
CatSpl4 Bya.nn.antCa.Sper4isn»an..oincl«deaCatSper4polypepUde 
CatSper4. By m P» ,d«ti0.tions in aniino acid sequence, 

containing one or more msrations,deienou!.,o ,,h._,«ant 

J ■ ^oibstitutioos change ttie activity of the mutant 
wherein said insertions, deletions, or suosuiunoob unous 
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CatSper4mcon^son»«Udw«C-St«4.S»ohaohang»inacd.i,,mdudes. 

CatSper4 protein or mRNA. 

to stfflanote aspect, fl^invenUon provides a m=thodrfcondu«mg a 

^oducdvemedidnebusmess comprising: cxanuning a sperm sample fiom a 
pafieat. wherein saidpaaen.ise.perieaci.gafermi.y problem; de^rnuningrfsard 
' arechara««i»dbyatleas.oneofadecreaseinmotiliq,oradecreasemegg 

pene»mce;perfbnningi»vi«,analysis«>de«rmine*eefflcacyofaCa«P^^ 
agoms.inincreasinga.leas.oneotsp«m.>«tili.yoreggpenettance-,es.abUshmga 

«atmen,.egin»ncomprising«iminis»ringanamoan.ofaCa.Sper4agon^^ 
effecttve«.inc.easea.l.as.o..eof.p«mmoflmyorcggpenettancemsMdmate. 

to eerudn embodin«nts, a« metod fWh« inctades a step wherem sard male 
paden.ismo.>i.o,edbyaphysici«itoe,alua.eimprovementinferttlr,y. Soch 
..aluarioncaninctadeexaminaflonofspe,ma.resrlarin»r«asfoUowmgU« 

iniUaUonof»am»n,«..«asureimprovemen.stoo„eormoreo(spermmo«h^ 
eggpene^ance. The frequency of *,llow..pev.luaaonbytbe«e.«ngph,src.anwm 

b^^^minedby^epbysicianora^ainedbeal^careprovider. ^'^^"^ 
ared.epaaenfssched„leandcom,or.,evel,aswellasfl.e.«gency«flrwh.char^ 

patten, is arun^Ung .o fadrer an offspring. Represe««ive follow-npJponr«^ 
c«r be conduced weeldy.semi-weeldy.ormonMy.lnanoteembodrmen,. the 

me.hodfurtherinoludes,hes.epofbillingthepatten.or,hepaaenrsins„ranoe 

provider. We note that in cases where the paUenf s health insurance is paymg for aU 
oraportlon of saidfertiUty treatments, thepoUcies of saidhealthinsuranceprovrder 

willlikelyinfluencetheftequencyoffoUow-upappointmcnts. 

to ye. another aspeC flie presen. tovention provides a mefl^od of condnctmg a 
e„„,racepttvemedidnebusinessoompri»ng:p«,vidingapham.aceudcalprepar...on 

ascoveredttm».8htome.hodsofadn.gdiscoverybusmess,whe.emsaid 
p«parattoninbibi«a»acttvi.yofCa.Sper4;pmvidmginstructionstoph,s.ctansand 

healthcarep«.viderstora««lministrattonofanamom..otsaidphaimaceuOcal 
preparatto. effective to inhibit the activity of C«Spe.4. wherein said effectrve amount 
is sufficient to prevent pregnancy. 
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IB one embodiment, the method further includes the step of establishing a 
system for distributing the pharmaceutical preparation for sale, and can optionally 
include establishing a sales group for marketing the pharmaceutical preparation. 

CatSper4 encodes a cation chamiel. Numerous types of cation channels play 
critical roles in cellular processes including regulation of cardiac function (e.g.. 
calcium chamxels). Thus, a great limitation of methods which employ administration 
of agents which either increase or decrease the activity of cation channels is that such 
methods are likely to have substantial side-effects. These side-effects can include 
significant cardiac compUcations. However, as disclosed herein, CatSper4 is 
specificaUy expressed m sperm. Accordingly, agents which increase or decrease the 
activity of CatSper4 can be administered to patients without the side effects associated 
with diher general cation chamiel antagonists and agonists, or antagonists and 
agonists of cation channels which are more widely expressed in the body. 

Throu^ a drug discovery business, one or more agents which can antagomze 
theactivityofCatSper4canbeidentified. By antagonize the actiAdty is meant to 
decrease, in whole or in part, the activity of CatSper4. Such a decrease in activity can 
be measured by examining at least one of sperm motiUty. egg penetrance, or cation 
transport The terms decrease and antagonize will be used interchangeably 
throughout 

M certain embodiments, the initially identified CatSper4 agonist or antagomst 
can be subjected to farther lead optimization, e.g.. to farther refine the structure of a 
lead compound so that potency and activity are maintained but balanced with 
important pharmacological characteristics including: 

• SolubiUty 

• Permeability 

• BioavaUabilily 

• Toxidty 

• Mutagenicity 

. Pharmacoldnetics- absorption, distribution, metabolism, elimination of 

the drug 

structural modifications are made to alead compound to address issues with the 
pa^meters listed above. These modifications however, must take into account 
possible effects on the molecule's potency and activity. For example, if the solubihty 
of a lead compound is poor, changes can be made to tiie molecule in an effort to 
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^^ottvplv affect the molecule s 

and wdvity of the compound to tested te 

candidate antagotusts. or con^mattons^ereot-^m 

.^,andt««.,.a.-.;--^--r«^ 
en,.o^.,tophannac^---^^^^^ 

'^'^'^rt^ll^Hoavanabmty.absotp.ion.dUUi^on. 
^hanismof aeuoaforthe dmg. ^ ^„ (^^a. is. in tcst«.*.s. 

— --^^'^'^rlirA^.tudie.a.nsedtoas.ess^to..^. 
^.petridishcs.e.c.)and,n^s- 

^ed^gwiUprovidethedesoedre^-^^^^ 
...tetoistered to test the dmg's efficacy. 



and evalmte toxicity. flut the identification of a 

B^-^-'^'-'^rcCr^^tadtughasedscteenUafitst 
candidate agent which an.agon.zes C«Sp.rt ^ ^ 
,«pindevelopingapharmaceu.icalptepara..on«^^ 
^^onofsn^o^^fsaMph^^^ 

successfuUypreveTitpregnancy0.e.,toact ^^^^ art. help to 

--""^"^is^rreris:^^— - 

aadiessconcetnsofthesaletyana , ^^^^^^^„flcal preparation 
3^.aseofaCatSper4antagonis.efficacy^tto^ 

^^ahere^myevaluatedinantonseorrat^c^^^^.^ 

...^^.ryingdosesofsaidphannacenucalpt^-^ 

^^es. Co«tro,ntalen.cecanheaannnrs.er^api^bo^ 

aicne). The tnale mice «e then aUowed to n«te fteely^^ Le. the efficacy of 
^«.f^nace,.nd.neas„.iog«.^ofcon<.p^v«-^^^^ 
»„n,.yavaii*lefor.-ofhi.«hcon.rol.^~-^ P^^^ 

80* effective, pref^ly "^r^^,* eftecdve ht preventing 

preierably95%.96*.97%.98%.99* or grater .han99%ef 
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„Mo»*ipandopUnu.inglead«r„omresbasedonefflc»y.safe^«.4 
t^WcaIs»di««.lead«>mmgoflnvesagaao„alNewD™g( ) 

tote<»eof»ntagomsts.thel«rfo<»poundswmhavectoi P 

.ide effect is made during the regulatory approval p«>cess.TlnsCB 
:^Cbardandfa«ru^.and.hatwMch..con.ideredanaecep«>bte.^eff^^ 

v^^lLaotorsioeludlng: « *e severity of U^condittonbelfSt-^-^ 
vancb uui=> ^ffpcts currently associated with tnese 

<he availability of other treatraents and the s,de-effectseun«. y 

availabletreattnents. For e«m*le.^ term cancer encon^asses a coo^exfa^ly 
dn^rela.ed.o,-is-egu.a.edcen growth, proufera.ion..ndd^mtauon. 

.o^Lft^on oftheeffectedassue. and death. O-em—uUc - 
^p^antpanofthestandardtl^-apyforn^y^--— 

1. *v,.«.neutics themselves can have senous side-effects mciuoing n 

severity of the disease they aim to treat ^^i^^not 

'lncon.ras.howev.r.mos.curre..lyavai.*.e6»rnso*h^»^^ 
^signiflcantside^. ■n».apharmac«»icalp»par«.onof aCatSpeM 
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anugonist should tave o^taal MtteBy and «d««=ots. Toricity tests can be 

„,topham«ceuticalprcparatt<«ci.b.mom«»ed for diverse reactions «> the 

preparation. Potential adverse reactions assod«edwM. a c»ntr.oepfiv.ag«* may 
include loss of sex drive andbehavlor.1 changes. Blood. nn.«. and fecal samptes 
uO^nftomtreatednuce can alsobemonit^edto detect ^.ypotentialadverse changes 
inhnmune,Mdney.orHverfcnction.Additionally,given,ha.CatSpe.4isacation 

channel, nuce receiving said pharmaceutical preparation should also he n>om«»ed 
any changes ta cardiac function inficaUve of cross reactivity of fl« CatSper4 
antagonist witii other cation channels. 

Agems ^h antagonize CatSper4 activity, and which are proven safe and 
rffectivetaanimal studies. canbeforna^latedintoaphannaceutical preparation. Such 

pharn««:e»tical preparations c«. then he marketed. distiibuteA 

contraceptive agents. 

the link between loss of CatSp«4 activity and fertility, fliete ts 
suhs.antialu«U.yinagentswhichincreasetheactivit,ofCatSper4totreatmale 

fertility problems. Many mstances of h^rtility involve problems linked to tl^ male. 
Suchmaleinfwmtyissuesinctadelowsp«mcount,poorspermmotiht,.«.d 
abnormal sperm morphology. O^rrentiy there are few effective tieatinents for male- 

associated infertility. 

The flist step in developmg potentiaUy successful treatineats for male 
i^rtiUtyisfl>eidenttflcationofCatSper4agonists. ACatSpe.4.gomstisoneor 

^ agents which increase tire activity of CatSper4. As expl,h>ed above wrth respect 
to Ca.Sper4antagomsts. agonists of the CatSper4p««h. are also expected tohave 

fewer potential side-effects flMnotiier cation channel agonists. 

MMhods for identifying agents which act as CatSper4 agonists are perfhtmed 
wdy as detMled for CatSpert antagomsts. However, a preferred Ca.Sper4 agomst 
will increase one or more of sperm motiUty or egg penetrance. Additionally, we note 
that when identic a C.tSpe.4 agonist, such an agent can agonize ttte activity of a 
wiMtypeCatSpe^*. In addition, or alternatively, such an agent can agon^e ttie 
activityofannrtantCatSpeM. One or more agonists identified by ti>csemettiods can 
aenbe.estedft>rsafc.y«.defflcacy..soutUn.indetailabove. Agents which are 
shown.obesafeandeffeotivemanim.lsmdiesar.fonnul.tedin.oapharmaceutical 

preparation. 
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Wc no« that said CafipeM agonists are not likdy to bo o^vo for treaSng 
anmalet.rffli.ypmblems.Howe,er.i.isoxpeo.od4a.somo»ndetemu«d 

percentage of male fertility problems win be amenable «, «»atment .sing agomsts of 
CatSper4fancUon.Forexampl=.aoertainpercentageofmatoinf^ty«hiAre»l.s 

topoorspennmoaiity is likely due to mutations in CatSper4.0iventha.Ca.Sper4^ 
„^ spedfleaUy in spenn, males possessing such a mutation v™uld be expected 

K, have little or no ^Jdidonal medical problems, and this explains in part v*y 
i^ty is often found in otherwise healthy men. Addidonally,aCatSper4agoms. 

can improve sperm motiHty overall, and ttus help compensate for poor sperm motrUty 

due to other unrelated causes. 

^■„„Av^rin».Re r~^"^''" . 

A pharmacentical preparation inoUuBng one or more agents which agomze the 
activi.yofawild.ypeormatan,Ca.Sper4canbeusefnlinestabUshi.gareproduc«ve 

„edicinebusinesswMchprovides..ea»nemfbr candidate male paacntsexpeoe^ 

fcrtUitydifficnlttes. spermsan^lesprovidedbymalepatientsareexaminedto 
determineitinfertili.yinsaidmalepatie.«smaybe.menable.o.rea.men.with«« 
pharmaceutical preparadon. Padents whose sperm is characterized by a decrease ma, 
least one of motiUty or egg penetrans may be eligible for treannent Prior to 
,^nt, sperm s^ples provided bytta male p^ are tested in virrcwrththe 

pharmaceutical preparaUon u, further assess whether said male is eUga.le for 
aeatment. This additional step of in testing helps to alleviate um»eessary 
tteatment in males whose infertiUty is unlikely to be improved with the CatSper4 

agonist. . 

Mate patieots whose sperm shows increased motility or egg penetrance m ntro 

^ eligible for fertiUty treatment including the pharmaceuacal preparation mcludmg 
one or more CatSperA agonist The «actt»atment regimen will vary ftompaUent«, 
patient. andcanbere^Bly detemnnedby an experienced medical pn,fcssional 
However, the .reatm«>t regime, will include administration of an amount of sard 
phannaeeutical pn=paraUon e^ve to increase at least one of sperm motdrty or egg 
pe„«™ce to said treated male, to a preferred embodiment, the inaease in sperm 
motiUty or egg penetrance will result to an tocrease to fertility. 
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A ^ f^rmnlated together with one or more pharmaceuticaiiyac p 
described above, formulatea logetu pharmaceutical 
eaters (adaiUves) ana/0. dilo^.. ^^'^"^'tltt^on 

msoMoruq ,..„„ches (aqueous or non-aqueous sotauoos or 

aamiBistration.fotexaii¥le,aiencliestaqueo m the tonitue; 

^on.).«*le.., bol.ses,po«ae,s, granules. pas.esforappUca^on«>U»»ngu. 

. ■ » .• f™- example by subcutaneous, inttanrascolar or 
Q) parenteral administration, for example, oys •„„.m,ooical 

„ a sterile solution or suspension; (3) topical 

intravenous injection as, for example, a stenle sol 

appucation. exatnple, as a ceam. ointment or spray ^^-^^ ^^^^^ ^ 

l«^yorintrarec.any,forexample,asapessary,cr^^^^ 

certain embodiments the snbjectcompoundscanbesmiplydBsolvedorsu 

^'C^.™aoaUye«^vean««.asusedbe«ln^J^^ 

amount of I agent or Condon wbioh is eftetive for producmg some 
i::eu.lcefrL,ata,easonab,e*«nefit,.s>craaoappUcble«,anym^cal 

. « «t,We»isemployedhereintorefertothose 
^epbrase-pbarmaoeu^a^^^^ ^^^^^^^ 

^andan^w^^-excesslvet^.^-^ 
prob.emorcomplication,commensuratewld.an«^ 

■n. phrase "pharmaceutioaUy acceptable carr^r- as^ 
ptarmaoeuticanyacceptable material, compositionor vehicle, such^ah^ 

Ler,dil«ent.excipien..solven.orencapsulatingma.erl^. — -^^^ 
.,anspor.ing.besu««.antagonists^o„eorgan,.po^^^^^ 

organ,orportionofthebod,. Each carrier must be acceptable 
l,«iI^theo.her^o.U.,ormulaUonan^-"^ 
Someexamplesofma^^-^™^^^ 

carriers include: (1) sugais, such as lactose, glucose 

com starch and potato starch; (3) ceUulose. and its derivatives, such as sodium 

:rx,me.ylLlulose,e.hylceUuloseandcelhdoseacetate;(4)po«^ 
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. c m^ oik such as peanut oU. cottonseed Oil, samower 

polyols, soch as glj^nn. s«b»U ^ ^ 

♦ j»«ate rtie body temperature of a patient. 
T in^^amc and orgamc «Mitton .alts of compoands of 

p^canon of fl.e compouBds ."^ * ^ ^ ..^e or inorgamc 

from non-toxic organic or inorganic acias. ru r 
i.c.»ic.hose dedved^taorganic acias such^^^^ 

,^^^c.f«m»c.«.l^on.c..n«ha.-"«o-.»'^ 

disulfomc,o«lic,isothio»ic.a.dthelike. ^ „„,ain one or moie 

l.„th«ca^.«»ag««sot*cP»-t«v«..on^^ 

. , thm ate capable of tonningphannaceuncauy y 

acidic functional gronps wA. thus. J -pta^utically acceptable 

saltswithpharmacenticallyacceptablebases. Theterm p ^ 

* *«*i,#.telativelvnon-toxic,morgamcanaotBam 
salts" in these instances refers to the relatively n 
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addido.sal,.ofcompoundsoffl»presentinv»d<».. Th«e«aBcanlikcwisebe 

separately-^Ong^cpuriflcd agent ini.sf^.dd,cnn««hasui«,lebas. nuchas 
^ hydroxld., caAona^ crbicarbona.. „,.phan.ace«icany »=»P«W= ">=«loa«on. 
^ anmoma. or wid. a phannaoeattcaBy aocep«ibte orgamc primary, secondary or 
te^aniine. Kepreaentattve alkaU or all^ earth sails include the httaum, 
soditun. potassium, calci».n,magnesiu.n. and aluminum salts and the Uke. 

organic amines useM for .he formation of base addition salts mctade 
^bylamine. diethylamine. ethylenediamme. etonolamine. dieth^olamme, p.perazme 
and the like. (See. for atample. Berge et al. (1977), supra) 

Wetting agents, emulsifiers and lubricants, such as sodium lauryl sulfate and 

,«g„esimn s.ear«e, as well as coloring agents, release agents, coating agents, 
sweetening, flavoring andpertenngagents,preservarivesandanUo.idan,scan also 

be piBsent in the con^wsitions. 

BMmples of pharmaceuticany «!cq.table antioxidants toclude: (1) water 

soluble antioridants, such as ascorinc acid, cystetoe hydrochloride, sodium bisul&«, 
soaummetabisulfite,sodtansulfi.eandthelto;(2)oa-solubleanrioxidants,s»=has 

ascorbylpahni.a,e.butylatedhyd.o:Qranisole(BHA),b»tylatedhyd.oxytol^^ 
(BHT). lecithin, propyl gallate. alpha-tocopherol. and «>e like; and (3) metal chelatmg 
agents, such as citric acid, ethylcnediamine tetraacetic acid (EOTA), soriritoU tartanc 

acid, phosphoric acid, aad the like. 

Formulations of the present invenfion include those suitable lor oral, nasal, 
K»ical (including buccal and subungual), rectal, vagmal and/or parenteral 
administraaon. The formulations can convenienfly be presented h. unit dosage form 
and can be prepared by any methods weU known in the art of pharmacy. The amomtt 

of active ingredient whichcanbe combined withacarricr material toproduceasmgle 

dosage fctm will vary depending upon the host being treated, the particular mode of 
aaministrarion. The amount of active ingredieM which can be combined with a carter 

to produce a single dosage form wiU generaUy be that amount of the 
eon^whichprod^^atherapeuticeffect GeneraUy. out of one hmtdred per 

cent this «nount wiU range ftom about 1% to about 99* of acUve ingredrent. 
p,eteablyftomabout5*toab<»,70%.mos.prefer*lyftomabou.l0%toabout 



30%. 
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and glycerin, or sucrose and acac«) » ^ ^ 

active ingMient Aagentof <hep«sen.in«ntto»caDalsobeadnum 

^^p.s.dragees.powders,gr..esa.^^*-^^ 

starches, lactose, sucrose, gi lorin nnlwinvl PViroUdone, 

^«^,c.*o.,«eti>y.ceU^ose.a.s.a^ 

„«^/«r flcaciaifS^humectants, such as glycerol, W"^* 
sucrose and/or acacia, uu^^ ^i^^jc acid certain sihcates, 

and sodiun. ca*o^; (« sotatica.«aing agen.. ^^'^^ ^ ^ 
♦ T« th*. case of capsules, tablets and pms, me pn«u 



like. 
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^ «r rrrenaied with coatings and sheUs, sucn as CI 
be scored or preparea witu e ^ 

fonnula^d so as » P«.via. slow or ««>«>"»'J^ ° „ ^ 

„sing. for exaMplc. b«»P^=* 11 »cospheres. 

by inoorporaUng s« agents » 

a certain portion oi me ga^ polymenc 
Bxaniplesofe^beddingcoinposiUonswhich^^-^^^ 
substancesandwaxes-Theactiveingredientcanalsobemnu 
substances an above-described excipients. 

5„sj,«^, syrups and etaJis-Jnafl . . a« art such as, to «an>pte. 

,onnsoanconudnin=rtda«en.soo.nn».ly"-l-^^^^^ 

„<^so,vents.so,nbU^ag«^a..»— -^^^ 
.eobo^^ylea.--^-^;;--^*:^^^ 

glycol. 1.3-b».ylenc glycol, ods (m ^ ^^^^ glycols 

oUve. castor and sesame dls). glyc«ol- tetrahydroWO- 
and fetty acid esters of sorbitan, and nixn^s thereof. 
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.a^ad— ucacan^^^^- J ^^^^^^^^^ 

^ <^ „ n^ore a^ of "^tlple. cocoa bu,.r. polyethylene glycol, a 
excipien«orcanlerscompmmg.for«^fe 

body temperature and, theietore, wiu men 

'"^:„::Co,.ep^>nve«io„»>— ->--™^ 
— :::r:;:iTr:2wa^».o.o.^^ 

^:::.ecai.a..«i.a.,^^^^ 

^..«.,.«asaca«h.cen„loseaeHvaavc.,polye«,ylene^ycoU.a..con^^ 
«eipien.ssucha...«ose..a.CsU^«cac4^ ,^1,, ^ ^,„^y co««in 

aeUveJo,anagen.of«»P««nti»vc»ao.«>*ebody. Such dosage fo^oan 
Ieh,dissolvingordi.p«sioga»s»hjcc.con*ounai»«»p.opcr™e*u^ 
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tosldn. Tt=ra.= ofsuchfl«<««t>eco»troncdbye.tt«rprov^ 

PUarmaceutioal composWons of m insertion ^ *>r 5"-^. ^ 
^ „ ^ phann^uacauy accept. s«.Ue iso^n. ^ 

^„sa«^«v«.s.eri.c injectable solutions or dispe,s.cnspstpnor»»«^-to^ 
Ttltiosidan « bufl«s.bac»ios««, solutes which render «^fot™l.Uon 

"""""ftf Tot thl intended recipient or suspending or thickening agents. 
'^*°"r:::ru;r:land— scarrlerswhichc..^ 

^«.es.hereotve^.eoils.s„chasoUve^a^^- « 

.ethyloleate. ^'^'^-^"T^^^^.l.esi.i.thecase 
„,atarials, such as ledtUn. by the n««*»ance of the requned p 

microorganisms can be ensured by the mclusionoiv ^,v,.i:ve It may 

,b«,qrton such as dununum monostearate and gelatm. 

Whentheoon^ofthepresentinvenUonareaanuntstetedas 

pharn«ceuticals.tohun«nsanda„in*.*eycanbe^v^^ 
pharn»ce«.ioalcomposi.ioncontaining,forexan*le.oau,99.5*( P 
O.5to90%)ofactiveingn=ai«.tinco.nhh,a.ionv«apharn»ce»t.allyaccept* 



carrier. 



. ri.«w been particularly shown and described with 
While this inventton has been paiui. y ^u^,^ cidlled in 

, J. ti.«.t«of it will be understood by those siauea in 
references to preferred embodiments thereof, it wm oe 
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Lie Jasce^ain using ao »ore *an »u«n. 

U„sp«d*e,ri»din«a,s«fft=inv.nUoadesoribedsp«iflcaByl»«u>. Sudl 
^valents are intended «> be encompassed in to scope of the invention. 
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